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Abstract--The Neumann-Minnigerode-Curie P nciple (NMC Principle) which enables one to derive 
the selection rules for the physical properties from the symmetry of the object in question is given for 
the totally symmetric representation f the point group and thus for the static properties of the object. 
Its dynamical properties, however, are described by the non-totally symmetric rreducible representations 
of the point group to which the NMC Principle can be extended. 
1. THE HISTORY OF THE NEUMANN-M1NNIGERODE-CURIE  PR INCIPLE  
In about he middle of the last century some mineralogists and physicists began to put symmetry 
considerations concerning crystals and their physical properties in a more concrete form, i.e. 
they started to apply group theory. It would be an interesting task to examine this long and 
arduous road but I do not intend to do this here. F. E. Neumann (1798-1895), professor of 
physics and mineralogy at the University of K6nigsberg (today: Kaliningrad), had a clear idea 
that there was an essential relation between the geometrical structure of a crystal and its physical 
properties. This fact was mentioned by his student W. Voigt[l]. B. Minnigerode (1837-1896)[2], 
who was acquainted with Neumann, formulated the following "empirical principle" in 1884-  
just a hundred years ago--which appeared to be quite modern at that time: "The group of the 
structure of a crystal is contained in the group of each of its physical properties". On the 13th 
of November, 1884, P. Curie (1859-1906)[3] gave a fundamental lecture "Sur la Sym6trie" 
at the French Mineralogical Society in Paris. Ten years later Curie stated his ideas about 
symmetry more precisely[4]. 
The characteristic symmetry of a phenomenon is that symmetry which is best compatible 
with the existence of the phenomenon. A phenomenon can exist in surroundings which possess 
its characteristic symmetry or at least one subgroup of its characteristic symmetry. In other 
words, certain symmetry elements can exist together with certain phenomena but they are 
not necessary. But it is necessary that certain symmetry elements do not exist. 
Then he added the sentence that has become classical in the meantime: "C'est la dissym6trie 
qui cr6e le ph6nom~ne". It is totally correct hat Shubnikov and Koptsik[5] use the expression 
Neumann-Minnigerode-Curie P nciple (NMC Principle) in this context. They write it in the 
following form: 
Gobject __C Gpro0erty (1) 
and this is just what Minnigerode had already expressed in words (see above). In order that a 
physical property is allowed to exist within an object it is a necessary but not sufficient condition 
that the group of the symmetry operations of the object Gnbject be at least a subgroup of the 
group of the symmetry operations of the physical property Gp,o~,y. 
2. THE NMC-PR INCIPLE  FOR THE TOTALLY SYMMETRIC REPRESENTATION 
The above statement can be expressed equally as follows: The tensor describing aphysical 
property (the so-called "property tensor") has to be invariant against all symmetry operations 
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of the object, e.g. of a crystal (crystal physics is often used as a model in this case). For polar 
i-tensors of rank v being invariant against ime reversal one can write explicitly[6,7]: 
dR. ~,.,.. = Ogdp. ab~e... (2a) 
v indices v indices 
and for axial i-tensors of rank v: 
do:. e~,.~ = det R • O~d~. ~b,.d.... 
V indices v indices 
(2b) 
The indices 9, ~r, "r, v . . . and a, b, c, d . . .  run over all three space coordinates x, y, z. 
The linear operator 0R, sometimes described as the Wigner Operator[8,9], is given by the 
relation 




According to Einstein's convention one has to sum over indices which appear twice in 
Eqs. (2). 
Rap. • • etc. are the elements of the matrices which describe the individual symmetry 
operations R. It is possible to obtain enough relations for the calculation of the components of 
the property tensors d~.~.., if one restricts oneself to the generators of a group. The definition 
of the property tensor goes back to Curie[4]. For the case of weak interaction the following 
linear tensor equation is valid describing the relation between the field tensor U of the cause 
and the field tensor E of the effect 
E = dU. (4) 
For more than one cause and for strong interactions we have the relation 
E = d°)U  (1) + dC2)U°)U 12) + d~3~U~I~UtZ~U ~3~ + . . . .  (5) 
The formulations (2a, b) of the NMC Principle only refer to the totally symmetric representation 
of each point group. According to this procedure one obtains the property tensors for the static 
properties of the objects[6]. 
3. THE EXTENDED NMC-PRINCIPLE FOR THE NON-TOTALLY 
SYMMETRIC REPRESENTATIONS 
The non-totally symmetric irreducible representations describe the dynamical effects of an 
object. Examples for these are infrared absorption and Raman effect. According to Bross[10] 
the NMC Principle in its extended version can also be applied to the non-totally symmetric 
irreducible representations which yields the following equations: 
For polar  i - tensors of rank v (invariant against ime reversal) 
A,j(R) Jdp~, = OR idp,v,, (6a) 
for axial  i - tensors of rank v 
Aii(R) Jdo~l~ = det R • OR ida~,  (6b) 
A0(R) being the elements of the representation matrices for the symmetry operations R, i and 
j each run from 1 to the degree of degeneracy of the representation. To each many-dimensional 
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representation belong just as many property tensors of a certain rank as the representation has 
dimensions. These different ensors of each individual representation are distinguished by the 
expressions ~d, 2d, . .  etc. Again one needs only the generators of the group for the calculation. 
4. APPLICATION TO THE CALCULATION OF THE TENSORS FOR THE 
DYNAMICAL PROPERTIES WITH RESPECT TO THE 32 CLASSICAL 
CRYSTALLOGRAPHIC POINT GROUPS 
The relations (6a, b) can be used in order to calculate the property tensors in the non- 
totally symmetric irreducible representations of the 32 classical crystallographic point groups. 
Considering the irreducible representations of the third kind[ I 1 ] which are one-dimensional and 
have complex conjugate characters one obtains tensors with complex components--which is 
not very sensible in physics. Following a suggestion of Birman[ 12] one can combine two one- 
dimensional irreducible representations having complex conjugate characters in one two-di- 
mensional but now reducible representation with real matrices. 
An alternative method to (6a, b) would be the application of the projection operator[ 13,14]. 
Both methods are used in order to calculate polar and axial tensors of rank 0 to 4 for all 
representations of the 32 classical crystallographic point groups[ 15]. 
5. APPL ICAT ION TO THE CLASS ICAL  CURIE  L IM IT ING GROUPS 
In 1884, P. Curie introduced groups with infinity-fold rotation axes in order to be able to 
describe the symmetry of physical field quantities[3]. As an example the electric field has the 
symmetry ~m in the international notation of Hermann-Mauguin. Generally this is the symmetry 
of a polar/-vector. One knows that there exist seven of these Curie limiting groups[5]. It is 
possible to calculate the property tensors for all of these Curie limiting groups, too, by means 
of (6a, b). In this case the extension of the NMC Principle by Bross (Eq. 6a, b) is more 
convenient than the projection operator method because of the appearance of cosd~ in the elements 
of the matrices describing the generators. 
These Curie limiting groups are of quite great physical importance considering the fact 
that all linear molecules belong either to the point group 2m or 2/m 2/m. The symmetry of 
cellulose and poly-7-benzyl-D-glutamate is given by the group oo2 and the symmetry of col- 
lagene, poly-caprolactane fibre, silk, tendons and bones is the same as the symmetry of the 
two-dimensional pure rotational group 0+(2) -= 2116]. Atoms and their different states are 
described by the rotational group 0(3) -= 2/m 2 /m and its irreducible representations (taking 
into account the spin, however, makes it necessary toconsider the group SU(2)). The elementary 
particle multiplet of the pseudo-scalar mesons M(0-), i.e. the mesons ~r, K, "q and "q' which 
all have spin zero and odd parity, belongs to the special three-dimensional rotational group 
SO(3) ~ o0 2, the elementary particle multiplet of the vector mesons M(I - )  with spin one and 
odd parity is described by the group 2m with respect to its symmetry. The non-totally symmetric 
representations of these Curie limiting groups determine the dynamical properties of those 
objects. 
6. DYNAMICAL  PROPERT IES  AND MAGNETIC  GROUPS 
The extension of the NMC Principle by Bross (Eq. 6a, b) is also applicable to the magnetic 
point groups. The unitary conjugate subgroup of a magnetic group is one of the 32 classical 
crystallographic groups. In order to complete the magnetic group one has to add a contribution 
containing all the anti-unitary symmetry operations[7]. For this contribution there is again a 
generating or--as it is sometimes said--"colouring" element for which one has to use the 
extended NMC Principle in addition to the calculations for the generators ofthe unitary conjugate 
subgroup. But it is now necessary to distinguish between i-tensors being invariant against ime 
reversal and c-tensors not being invariant against ime reversal when dealing with equilibrium 
(static) properties. With respect to the i-tensors the unchanged equations (2a, b) are still valid 
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but in the totally symmetric representation f the group[6,7] we have 
for polar c-tensors of rank v 
dp.p .. . . .  = - ORdp..b,.,.. (7a) 
and for axial c-tensors of rank v 
d.~., . . .  = - det R • ORd~,.oh, d.... (Tb) 
Instead of Eqs. (7a, b), cf.[7, p. 132], the following equations have to be used for tensors 
describing transport properties (e.g. the electric conductivity) which contain an explicit time 
dependence and for tensors describing properties which can only be treated adequately by means 
of a microscopic description containing an implicit time dependence ( .g. Raman scattering by 
magnons). Instead of Eqs. (7a, b) we have 
for polar tensors of rank v 
(8a) 
and for axial tensors of rank v 
Di/(R) /do~ = det R • OR id*~l. (8b) 
The matrices of the co-representations Dij(R) can be calculated from the matrices Aij(R ) according 
to a procedure mentioned by Wigner[8]. 
This procedure can also be extended to the magnetic Curie limiting groups. One of these 
seven groups is e.g. ~/m 2 ' /m'  which describes the symmetry of a magnetic field. On the 
other hand the symmetry of the magneto-electric tensor is ~/m'  2/m'[6]. 
The calculations according to Eqs. (6) and (8) can be done by hand fairly conveniently up 
to tensors of rank two. However, starting with tensors of third rank the calculation of the 
property tensors is a typical task for a computer. 
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